6-Aminopenicillanic acid, 7-aminocephalosporanic acid, mecillinam and quinacillin have varying substrate activities for both the R39 fl-lactamase (excreted by Actinomadura R39) and the G fl-lactamase (excreted by Streptomyces albus G). Cefoxitin and quinacillin sulphone are not recognized by the G fB-lactamase and are weak inactivators of the R39 ,6-lactamase. N-Formimidoylthienamycin is a poor substrate for the G fJ-lactamase and a potent inactivator of the R39 f-lactamase. The high value of the bimolecular rate constant for enzyme inactivation is mainly due to a very low dissociation constant (1pUM). Clavulanate is an inactivator of both G and R39 fl-lactamases. The reaction with this latter enzyme is a branched pathway where normal turnover and permanent enzyme inactivation occur concomitantly. Between 28 and 43 molecules of clavulanate are hydrolysed before one of them has the opportunity to inactivate one molecule of enzyme. 
Interactions between non-classical /,-lactam compounds and the 11-lactamases ofActinomadura R39 and Streptomyces albus G fJ-lactamase and a potent inactivator of the R39 f-lactamase. The high value of the bimolecular rate constant for enzyme inactivation is mainly due to a very low dissociation constant (1pUM). Clavulanate is an inactivator of both G and R39 fl-lactamases. The reaction with this latter enzyme is a branched pathway where normal turnover and permanent enzyme inactivation occur concomitantly. Between 28 and 43 molecules of clavulanate are hydrolysed before one of them has the opportunity to inactivate one molecule of enzyme.
The 6-lactamases and D-alanyl-D-alanine peptidases (carboxypeptidase/transpeptidases) have the common property of catalysing the opening of the fi-lactam ring of the penicillins and cephalosporins. At this time, one Zn2+-containing and several serine ,B-lactamases (Knott-Hunziker et al., 1979; Cartwright & Coulson, 1980; Hill et al., 1980) and similarly one Zn2+-containing and several serine D-alanyl-D-alanine peptidases Dideberg et al., 1980; Duez et al., 1981b; Waxman et al., 1980) have been characterized. Whatever their mechanistic properties, the ,Blactamases usually efficiently hydrolyse ,B-lactam antibiotics into inactive compounds. Recently, however, ,B-lactam compounds have been discovered that inactivate the serine /3-lactamases. In general, /3-lactam compounds are also effective inactivators of the serine D-alanyl-D-alanine peptidases (Ghuysen et al., 1979) . The reaction between the Zn2+-containing D-alanyl-D-alanine peptidase and penicillins (A3-cephalosporins), however, is essentially reversible and enzyme inactivation occurs only under extreme conditions (Frere et al., 1978) .
The preceding paper (Kelly et al., 1981) Fuad et al., 1976 Results Table 1 gives the values of the kinetic parameters Cefoxitin and quinacillin sulphone These two f-lactam compounds had no effect on the G 16-lactamase (at least at a 5 mm concentration) but inactivated the R39 JJ-lactamase. The second-order rate constants for the enzyme inactivation were 0.4M-1s* -with cefoxitin and 0.8M-1 S-I with quinacillin sulphone. The pseudofirst order rate constants (k8) (Fig. lb) , the initial rates of hydrolysis of nitrocefin were decreased and a progressive inactivation of the R39 f,-lactamase was observed. Assuming that the interaction was competitive, an approximate value of 0.5,UM was found for the dissociation constant K between the enzyme and N-formimidoylthienamycin. The inactivation of the R39 enzyme by this fJ-lactam com- (Fig. 3) . Absorbance measurements at 260nm permitted estimation of a pseudo-first-order rate constant of 1 x 10-3s-' for the reactivation of the enzyme. As shown by the data of Fig. 3 (----) .
the G and R39 fJ-lactamases. The G f-lactamase has, in the indicated order, decreasing kcat values for 6-aminopenicillanic acid and mecillinam, 7-aminocephalosporanic acid and quinacillin, and finally N-formimidoylthienamycin. With the R39 fJ-lactamase, the kcat values are high for mecillinam, moderate for 6-aminopenicillanic acid and quinacillin and low for 7-aminocephalosporanic acid. The occurrence of a given acyl side chain has varying effects on the catalytic constants of the reactions, depending on the nature of the bicyclic fused-ring system to which it is attached. Attachment of a C6H5-CH(NH2)-CO side chain to 6-aminopenicillanic acid has no effect on the kcat and Km parameters of the reactions catalysed by the G fJ-lactamase and causes a 7-8-fold increase of both parameters of the reactions catalysed by the R39 fB-lactamase, so that the enzyme catalytic efficiency (kcat /Km) is virtually unaltered (Table 2 ). When the same side chain is attached to 7-aminocephalosporanic acid, the Km is little affected, whereas the kct. value is considerably increased, especially for the R39 enzyme ( Table 2 ).
The G fl-lactamase seems to be unable to recognize cefoxitin and quinacillin sulphone, but is rather efficiently inactivated by clavulanate (k2/ K = 300 M-1-s-1). The enzyme inactivation appears to follow a simple, non-branched pathway: .
A fl-lactam compound (for example cefoxitin; see Table 1 ) can be a substrate for a given f,-lactamase, an inactivator of another fl-lactamase and an inactivator of a D-alanyl-D-alanine peptidase.
Assuming that the same underlying mechanism governs these interactions (see the Materials and methods section), kcat /Km for a substrate is equivalent to k2/K for an inactivator. It has been shown previously that the R39 f,-lactamase and the R39 D-alanyl-D-alanine peptidase (which are secreted by the same Actinomadura strain R39) have roughly comparable (kcat.K)/(Kmk2) values for several classical penicillins and A3-cephalosporins, suggesting that these two enzymes might be somehow functionally related (C. Duez & J.-M. Frere, unpublished work) . A similar observation has been made during the present study with 7-aminocephalosporanic acid, quinacillin sulphone and N-formimidoylthienamycin (Table 3) Frere, unpublished work), the (kcat.K)/(Kmk2) ratios largely deviate from unity for JJ-lactam compounds that are good substrates of the ,-lactamase and Table 2 . Effects of the attachment of the side chain C6H5-CH(NH2)-CO to 6-aminopenicillanic acid (6-APA), giving rise to ampicillin, or to 7-aminocephalosporanic acid (7-ACA), giving rise to cephaloglycine, on the catalytic constants ofthe reactions catalysed by the G and R39 fi-lactamases For the kcat and Km values of ampicillin and cephaloglycine, see Duez et al. ( 198 la) .
Ratios between the catalytic constants for each pair of f-lactam compounds At this time, the mechanistic properties of the R39 and G fJ-lactamases are unknown. They are insensitive to EDTA and thiol-specific reagents; they are inactivated by clavulanate and, for the R39 'enzyme, by cefoxitin and quinacillin sulphone. They might be serine enzymes similar to the /J-lactamases of Escherichia coli and Staphyloccus aureus (Cartwright & Coulson, 1980) , and the /l-lactamase I of Bacillus cereus (KnottHunziker et al., 1979) .
